New opportunities are opening in biology and medicine by combining molecular properties in nature with synthetic nanoscale materials. Western blot is a common technique for protein analysis, but it is not routine for peptide amino acid sequences. The size of the protein is impor- 
tant in Western blot because protein sizes of less than 10 to 15 kDa will be diffused during transfer through the membrane [1] . By using metalcoated immobilin-polyvinylidene difluoride (immobilin-PVDF) membranes, small peptides can be detected in Western blot [1] .
For this reason, gold nanoparticles were synthesized to cover the immobilin-PVDF membrane and react with the nonstructural 1 (NS1) peptide. Gold nanoparticles form a wall preventing the diffusion of peptides through the membrane. This procedure may be helpful for use in diagnostic kits in medicine.
Avian influenza virus (AIV) is one of the most important causes of respiratory infections in poultry. The genome of the influenza A virus consists of 8 single-stranded negative-sense RNA segments that encode 10 or 11 viral proteins, depending on the strain. All the proteins are structural proteins except for NS1 and polymerase basic protein 1. The NS1 protein is designated nonstructural because it is synthesized in infected cells but is not incorporated into virions. The NS1 protein plays a significant role in AIV pathogenesis; using the NS1 protein as an antigen could be useful for differentiating infected poultry from vaccinated poultry, which is not possible with the traditional agar gel precipitin test and commercial ELISA [2] .
In this study, we used conserved peptides of the NS1 protein of avian influenza, which are expressed in large amounts in virus-infected cells but have not been detected in virions [3] . Two different gene lineages, allele A and allele B, are recognized as expressing the NS1 protein. This protein is synthesized in the first steps of the disease, and it inhibits the host antiviral defense, which is mediated by interferons [4] .
Conserved peptides of the NS1 protein have a critical role in the pathogenesis of the virus [5] . These amino acid residues are 28-GDAPFLDRLRRDQK-42 (NS1 29-41) and 35-LRRDQKALKGRGS-49 (NS1 36-48) [5] . These peptides could be used in ELISA and Western blot tests for AIV diagnosis. Allele A of the NS1 peptide is 1.6 kDa and allele B is 1.4 kDa, both of which are too small to transfer from the gel to the membrane in a Western blot test. Gold nanoparticle was used to keep these small molecules on the membrane.
MATERIALS AND METHODS

Gold Nanoparticle
Gold nanoparticles were purchased from BBInternational [6] or synthesized [7] . The nanoparticles were 5 nm in diameter.
Antigen Synthesis
Two sequences of NS1 peptides as antigens were synthesized by Metabion International [8] with >95% HPLC purity. The peptide was dissolved in HPLC water and stored at 4°C. The sequence of peptide A was 28-GDAPFL-DRLRRDQK-42 (NS1 29-41) and that of peptide B was 35-LRRDQKALKGRGS-49 (NS1 36-48) [5] .
Tricine-Sodium Dodecyl SulfatePolyacrylamide Gel Electrophoresis Gel
The peptides were loaded onto a tricine-sodium dodecyl sulfate-polyacrylamide gel electrophoresis (tricine-SDS-PAGE) gel with 16%/6 M urea [9] . It is quite useful for small proteins. A protein ultra-low-range molecular weight marker was purchased from Sigma [10] and loaded onto the gel beside the samples (Figures 1 and  2 ). Electrophoresis was begun with an initial voltage of 30 V and was maintained at this voltage until the sample had completely entered the stacking gel, at which point 90 V was applied.
Western Blotting
Immobilin-PVDF membranes with a pore size of 0.45 µm were purchased from Sigma [10]. The immobilin-PVDF membranes were sprayed with 70% (vol/vol) ethanol, and then rinsed in water and incubated in gold nanoparticle solution for 40 min under agitation. After incubation, the membranes were rinsed in water and then washed with transfer buffer [40 mM Tris, 40 mM tricine, 0.04% (wt/vol) SDS, and 20% (vol/vol) methanol].
The gel was washed with transfer buffer for 2 to 5 min, and then transfer of the peptide to the metal-coated membrane was performed by a semidry system [11] at 10 V for 30 min. After transferring the peptide to the membrane, the gel was stained with Coomassie blue to ensure it was transferred completely.
The membranes were blocked in PBS containing 5 mg/mL of BSA [10] for 40 min. The membranes were incubated in chicken sera that was infected with AIV and contained antibodies against the NS1 protein, specifically, the conserved peptides of the NS1 protein.
The membranes were incubated overnight at 4°C and then washed with PBS-Tween [PBS supplemented with 0.5% (vol/vol) Tween 20]. After washing, the membranes were incubated in antichicken antibody conjugated with horseradish peroxidase [10] for 1.5 h on a laboratory shaker. The membranes were then washed with PBS-Tween 3 times and rinsed with water, after which a chemiluminescent peroxidase substrate [10] was added to the membranes and the band of the reaction (antibody -peptide) was visualized by a ChemiDoc gel-imaging system [11] . It must be noted that nitrocellulose membranes are not useful for this project because they are not functionalized for adsorbing metal agents on their surface.
RESULTS AND DISCUSSION
The gold nanoparticles covered the immobilin-PVDF membrane with a homogenous layer of nanoparticles. During Western blotting, the functional groups of the peptides bound to the gold nanoparticles and they were kept in the membrane. The presence of the gold nanoparticles prevented diffusion of the peptides from the membrane after applying the voltage. The peptides on the metal-coated membrane reacted with the antibodies in the infected poultry serum. Serum antibodies bound to the secondary antibodies that were conjugated with horseradish peroxidase. After the addition of the chemiluminescent peroxidase substrate [10], the reaction was captured by the CCD camera of the ChemiDoc system [11] , and the band of the reaction was visualized with this technique ( Figure  3) . Although the molecular weight of peptide B (1.4 kDa) was lower than that of peptide A (1.6 kDa), it showed a better reaction than peptide A. Figure 1 shows peptide A in the tricine-SDS-PAGE gel, and Figure 2 shows peptide B in the same gel beside the size marker with an ultralow-range molecular weight [10] . Figure 3 is the gold-PVDF membrane containing peptide B, which reacted with the infected avian influenza serum.
The thiol group (Cys) and amino groups (Arg, Lys, His, Asn, Gln) of the proteins and peptides have high affinity in binding to some metals, such as gold and silver [1] . These metals were used previously in staining proteins [1] . The small size of the gold nanoparticle (5 nm) and its spherical shape are important for creating a homogeneously coated membrane to bind to the proteins or peptides. In 2007, Duchesne and Fernig [1] proposed using a silver and gold nanoparticle-coated membrane for femtomole detection of small proteins and peptides by dot and Western blot, which used a 2.28-kDa peptide to transfer from an 18% polyacrylamide SDS-Tris-tricine gel to a silver or gold nanoparticle-coated membrane. They showed that a metal-coated membrane could prevent diffusion of the peptides and small proteins from the membrane during Western blot, which usually occurs. In their study, no specific antigen peptide related to any disease was detected.
In our study, a conserved peptide of the nonstructural protein of AIV was selected. To perform electroblotting, the peptides were loaded onto the tricine-SDS-PAGE gel (16%/6 M urea), which is commonly used to separate proteins in the mass range of 1 to 100 kDa. The difference between tricine-SDS-PAGE and Laemmli-SDS-PAGE is directly related to the strongly differing pK (log 10 1/Ka , where K a is the acid dissociation constant) values of the functional groups of Gly and tricine that define the electrophoretic mobility of the trailing ions (Gly and tricine) relative to the electrophoretic mobility of the protein. Using 6 M urea in the gel increases the resolution of small proteins [5] . The peptide was transferred to the gold-coated membrane by the Western blot technique. The NS1 peptide (allele B) with a molecular weight of 1.4 kDa and isoelectric point (pI) of 12.1 was kept in the membrane, and it was not diffused from the membrane during the washing procedures. Applying the synthetic NS1 peptide rather than a protein meant there was no need to clone the gene and express the protein. This technique could be used as a confirmation test for AIV during avian influenza outbreaks.
CONCLUSIONS AND APPLICATIONS
1. Immunodominant peptides of the nonstructural proteins could be used for diagnosis of avian influenza. 2. Nanomaterials play an important role in providing new and sensitive diagnosis kits. 3. In the poultry field, this technique can be used for sensitive detection of avian influenza.
